The objective of this study was to determine the effects of thawing groups of 2, 5, 10, 15, or 20 .5-ml French straws on post-thaw spermatozoal viability. Thermostatically controlled and nonthermostatically controlled thawing baths were compared. Using a splitplot design, semen from 10 bulls was extended in egg yolk citrate, frozen, and then thawed (in the respective groups) at 36'C in two types of thawing baths. Motility and percentage of intact acrosomes were determined immediately after thawing (0 h) and again after 4 h of incubation at the respective temperature of each thawing bath. Neither percentage of intact acrosomes nor motility was influenced by the number of straws thawed at 0 h (P > .OS). Thawing bath had no effect (P > .05) on motility or percentage of intact acrosomes at 0 h.
Introduction
The current recommendation for thawing frozen semen extended in an egg yolk-based extender is to thaw a single straw in a water bath at a temperature of 35 to 37'C for 30 to more frequent, there are increasing probabilities that several cows will display estrus on the same day. These sets of conditions have resulted in the desire of inseminators to thaw simultaneously more than one straw of semen to increase the convenience of semen handling.
An important point when considering simultaneous thawing of straw groups is the type of thawing bath that is used. Some straws would remain in the thawing bath while insemination takes place, and under these conditions the thawing bath would serve as an incubating environment for the semen. Therefore, the thermal environment of the thawing bath could influence the viability and, thus, the fertility of the spermatozoa, To provide information for inseminators who encounter the need to inseminate several cows within a short time period, we conducted two experiments. The first experiment com-2303 pared the effect of thawing increasing numbers of .5-ml French straws of frozen bovine semen on post-thaw spermatozoal viability and compared thermostatically controlled and nonthermostatically controlled thawing baths.
The second experiment determined the magnitude of spermatozoal damage when straws were thawed by using a set of conditions that represented the extreme for straws freezing together during the thawing process.
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Materials and Methods
Experiment I
Ejaculates from each of 10 bulls were diluted in egg yolk citrate, at a spermatozoal concentration of 60 x 106/ml, packaged in .5-ml French straws, and fkozen in liquid N vapor (Gallagher and Senger, 1989) . Semen was stored for at least 60 d before use. The experiment was a split-plot design in which semen from each of the 10 bulls was thawed at 36'C in two types of thawing baths. Straw groups consisting of 2, 5, 10, 15, or 20 straws were thawed in each type of thawing bath. The 20-straw group was chosen because we estimated this to represent the number of cows that would display natural estrus on the same day in a 1,500 to 2,000 cow dajr herd. The two thawing baths used were thermostatically controlled4 and nonthermostatically controlled5. Each thawing bath contained 400 mI of water. The water temperature immediately before thawing of the straw groups was 36'C in both thawing baths. The thermostatically controlled thawing bath was designed to maintain the water temperature at 36'C. In the nonthermostatically controlled thawing bath, water temperature passively equilibrated toward ambient temperature (20 f 2°C) during thawing. In the nonthermostatically controlled thawing bath, the decrease in water bath temperature depended on the number of straws thawed simultaneously and the ambient air temperature.
Thawing Procedure. We recognized that, under field conditions, straws would probably be thawed in groups of five or less in a 4Cito Thaw Bath Model #CT 120-2, Watertown, WI. 'Thermos Bottle Model #7221, Freeport, IL. stepwise manner. However, for experimental purposes, all straw groups (2, 5,10,15, and 20 straws) were transferred from a liquid N refrigerator to a Dewar flask containing liquid N (-196'C) . The straw groups were placed into a Dewar flask to enable all straws in an experimental group to be plunged simultaneously into the respective 36'C thawing devices. This procedure prevented confounding effects due to thawing sequence. In all cases, thawing time was 60 s. While in the thawing bath, straws were observed carefully for evidence of leaking. No leaking was observed.
Nonthermostatically Controlled T h i n g Bath. Straw groups of two or five were thawed and straws from each group were pooled for the 0-h evaluation. Immediately after the initial straws were pooled, a second set of straws (identical to the first) were thawed in the thawing bath, also at 36'C. to provide a minimum of two straws to pool for the 4-h evaluations. These straws remained in the thawing bath for 4 h.
Straw groups of 10, 15, and 20 were thawed, and five straws from each group were removed from the thawing bath and pooled for the 0-h evaluation. The remaining straws (5, 10, or 15 straws) in the group remained in the thawing bath until the time of the 4-h evaluation, at which time five more straws were removed and the contents were pooled and evaluated, The 4-h incubation period was not intended to mimic the time required for insemination. Instead, the 4-h incubation was to maximize the chance of observing latent injury to spermatozoa.
Thermostatically Controlled Thawing Bath. When thawing with the thermostatically controlled thawing bath, the above procedure was modified so that after the initial straws were removed for the 0-h evaluation the remaining straws stayed in the thawing bath until the water bath temperature retumed to 36'C. The straws were then removed from the thermostatically controlled thawing bath and placed in a water bath maintained at 36'C. This enabled the thermostatically controlled bath to be used repeatedly while the water bath served as a 36'C incubator for all straw groups.
Because the straws were thawed simultaneously, they would remain in the thawing bath while insemination took place. Thus, the water temperature of the bath was an important consideration. The thermostatically controlled thawing bath that maintained the water temper-ature at 36'C was compared with a nonthermostatically controlled thawing bath in which the water temperature decreased with the straw load. The temperature of the nonthermostatically controlled thawing bath declined toward the ambient temperature, which was approximately 20'C.
Semen Evaluation Procedure. Immediately after thawing the respective thawing groups, two or five straws were pooled and placed into 12-mm x 75-mm test tubes in a dry block heater maintained at 36'C. Incubation of the pooled semen in the dry block heater returned the temperature of the semen to 36'C. so that the motility evaluations were made at the same temperature. Following the 2-min incubation, d i e d smears were evaluated for percentage of motile spermatozoa (% MOT) and percentage of spermatozoa with intact acrosomes (PIA) by phase contrast (160x) and Nomarski differential interference contrast optics (1,OOOx) (Saacke and White, 1972) . Samples were evaluated by a single observer who was unaware of straw treatment.
Thawing Rate Determination. An important consideration in this experiment was the change in the thawing bath temperature during the thaw and the subsequent incubation period, This incubating period occurred in the respective thawing baths and could influence spermatozoal viability. Therefore, intrastraw temperature changes during the thawing period were generated using two micro thermocouples6 (Mitchell and Senger, 1982) placed inside two straws filled with extended semen. These were connected to a twochannel strip chart recorder. The two straws containing the thermocouples were included as part of the total number of straws within the straw groups. Thawing procedures were then repeated 10 times (20 total curves per straw group per thawing bath) to generate thawing curves. This procedure was employed to examine the possibility that a wide variation in thawing rates existed among straws within the thawing groups. For example, it was possible that straws in close apposition would thaw at a slower rate than those separated by larger distances. By placing two thermocouples within the same thawing 6lhermocouples Model #Hyp-1, Omega Engineering, Inc., Stamford, (JT. treatment we were able to examine this possibility.
We also determined the thawing bath temperature in the nonthermostatically controlled bath after the 4-h incubation period for each thawing group (2, 5, 10, 15, and 20 straws). Final temperature (after 4 h) was determined in four separate nonthermostatically controlled baths containing the appropriate number of straws.
Statistical Analysis. The data were analyzed using a split-plot ANOVA considering the main effects of bull (n = lo), number of straws thawed simultaneously (2, 5, 10, 15, or 20) , type of thawing bath (thermostatically controlled vs nonthermostatically controlled), and hour of evaluation. Bulls were considered a random variable and all other variables were fixed. AU possible two-and three-way interactions were examined and the main effects were tested by the appropriate random by fixed interaction term.
Experiment 2
Although straws freezing together was not observed in Exp. 1, the possibility that this would OCCUT under field conditions was a concern. Therefore, Exp. 2 was conducted to determine the effect of thawing groups of straws on spermatozoal viability when they were purposely banded together to simulate straws freezing together during the thaw. In this experiment, straws were banded together in groups of one, two, three, four, or seven. A single straw served as the control. The seveastraw groups consisted of six outer straws and a single center straw and were considered separate treatments. Semen was identical to that used in Exp. 1 and all thawing was in the thermostatically controlled thawing bath at 36'C for 60 s. Immediately after thawing, semen was placed in 12-mm x 75-mm test tubes and incubated in a dry block heater (36'C). Semen was evaluated at 0 h and again after 4 h incubation for PIA and % MOT, determined as described.
Results
Experiment I
Considering the overall ANOVA, variation in acrosomal maintenance was significantly associated with bull, thawing bath, and hour of incubation (P c .05). Number of straws thawed together did not affect PIA. However, there was a straw number x hour of incubation interaction (P c .05). Hour of incubation significantly contributed to variation in motility (P c .05). For motility, there was also a thawing bath x hour interaction (P c .05).
Neither straw number nor thawing bath had an effect on % MOT or PIA at the 0-h evaluation. As expected, bull did contribute to variation in either of the dependent variables (P c .Ol). None of the two-way interactions was significant. There was no bull x straw number or bull x thawing bath interaction (P > .05).
At the 4-h evaluation, variation in % MOT was influenced by thawing bath (P c .OS) and bull (P c .Ol), whereas PIA was influenced by straw number (P c .Ol), thawing bath (P c .Ol), and bull (P c .01). There was a thawing bath x straw number interaction (P c .05). Bull did not interact (P > .05) with either straw number or thawing bath.
The effect of thawing bath and number of straws thawed simultaneously is summarized for % MOT in Figure 1 and for PIA in Figure  2 .
Thawing Rates. As expected, the time required for semen within the straws to reach O'C from -196'C tended to increase with increasing number of straws per group. Also, the rate (C/s) from -20°C to 0 tended to decrease as the number of straws increased (See Table 1 ). However, there was no significant statistical variation associated with thawing bath. Likewise, there was no significant statistical variation among thermocouple pairs, which suggests that the thawing rate variation 
Experiment 2
When straws were purposely banded together, there was significant variation (P e .05) in both % MOT and acrosomal maintenance associated with bulls and the size of the banded group. The effect of the size of the banded group is presented in Table 2 . Spermatozoa within straw groups of two, three, or four were damaged compared with the singlestraw control. As expected, spermatozoa in the center straw of the seven straw group was damaged to a greater extent (P < .OS) than any one straw of the other six.
Discussion
This study has shown that .5-ml French straws can be thawed in groups without compromising spermatozoal viability. When the nonthermostatically controlled thawing bath was used, there was no decline in spermatozoal viability as a function of straw numbers. It seems that in this thawing bath, as many as 20 straws can be thawed without compromising viability. At the 0-h evaluation there was no effect of thawing groups of straws on spermatozoal viability when the thermostatically controlled thawing bath was used. However, by the 4-h evaluation there was a decline in both acrosomal maintenance and % MOT of spermatozoa incubated at 36'C. The significant hour x thawing bath interaction observed for both % MOT and acrosomal maintenance indicates that damage occurred during thawing but was not observed until after 4 h of incubation at 36'C. It seems from the &ta that thawing more than 10 straws and incubating at 3 6 ' C for 4 h in a thermostatically controlled thawing bath may compromise spermatozoal Viability. Further research is needed to describe more! clearly the impact of incubation time and temperature on viability.
As expected, when straws were banded together there was a reduction in spermatozoal viability. Therefore, straws should be agitated in the water bath so that the probability of straws freezing together is eliminated.
Reduced viability when groups of 15 or 20 straws were thawed in the thermostatically controlled thawing bath should not be inter- preted to mean that the thermostatically controlled bath is inferior. It is difficult to distinguish how the impact of the small difference in acrosomal maintenance between these two thawing baths would translate into fertility. Also, increasing the volume of the thawing device would undoubtedly reduce latent injury caused by thawing larger straw groups when followed by incubation. The volume of the thawing baths was carefdy controlled at 400 ml. Thawing volumes greater or less than this may have an impact on the rate of thaw and the incubation temperature. Also, only egg yolk citrate extender was evaluated in this experiment.
Alterations in ambient temperature may also affect the results in a nonthermostatically controlled bath. Therefore, caution should be exercised when interpreting the results of this study because other extenders, thaw bath volumes, and ambient conditions might influence the results.
implications
The recommendation of thawing only a single straw should be reevaluated. Our data imply that as many as 20 straws may be thawed simultaneously in a nonthermostatically controlled water bath without compromising semen quality when ambient temperature is approximately 20°C. And, using the most conservative interpretation of the data, as many as 10 straws may be thawed simultaneously in a thermostatically controlled thawing bath. Regardless of the number of straws thawed simultaneously, straws should be agitated immediately after plunging to prevent them from freezing together during the thaw.
